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Influence of hinge position on the effectiveness of open-
door expansive laminoplasty for cervical spondylotic
myelopathy
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【Abstract】Objective:    To assess the influence of
different hinge positions on clinical results of expansive
open-door laminoplasty (EOLP) for cervical spondylotic my-
elopathy (CSM).
Methods:    A total of 102 CSM patients who underwent
EOLP from February 2006 to February 2007 were enrolled in
this randomized controlled trial. Using a random digits table,
57 patients with the hinge located at the inner margin of the
lateral mass were classified as wide-open group, while 45
patients with the hinge positioned at the lamina margin
served as narrow-open group. All patients were observed
over 24 months, and the clinical and radiological results
were analyzed statistically.
Results:    There were no significant differences in opera-
tion duration, intraoperative bleeding volume, Japanese Or-
thopaedic Association (JOA) scores, cervical curvature
index, range of motion and neural function recovery rate.
The neural functions were satisfactorily improved after sur-
gery in both groups, while the severity of axial symptoms
was significantly lower in the narrow-open group than in
the wide-open group (P=0.003). The incidence of C5 palsy
in the wide-open group was higher than that in the narrow-
open group (5.3% vs 0), even though the difference did not
reach statistical significance (one tailed Fisher's exact test,
P=0.17).
Conclusions:    Proper inward shift of the hinge can
ensure effectiveness of surgical decompression, avoid an
excessive backward shift of the spinal cord, decrease the
incidence of C5 palsy and alleviate the severity of axial
symptoms.
Key words:    Cervical vertebrae; Spinal cord diseases;
Spondylosis; Surgical procedures, operative
Expansive open-door laminoplasty (EOLP) is cur-rently the most widely adopted surgical treat-ment for cervical spondylotic myelopathy (CSM)
involving at least two segments.  Although significant
improvement has been made with regard to surgical
procedures, there are still no defined criteria for the hinge
position. Currently, the most widely adopted method is
conventional EOLP, in which the hinge side is wider than
the open-door side.1 Although many long-term follow-up
studies have reported that most patients recover satis-
factorily and steadily after EOLP, there have been nu-
merous reports regarding postoperative complications,
such as stubborn axial symptoms and segmental mo-
tor paralysis.2 It remains unclear whether these com-
plications result from an excessively backward shift of
nerve roots after surgical decompression of spinal cord.
Since 2006, we have attempted to decrease the hinge
width during EOLP. Notably, recent follow-ups have
shown satisfactory results.
METHODS
Patients’ data
A total of 102 CSM patients were treated with EOLP
in our institution from February 2006 to February 2007.
All patients were routinely examined with X-ray, com-
puted-tomography (CT) and magnetic resonance imag-
ing (MRI). Physical examinations of the nervous sys-
tem showed typical pyramidal signs, including tendon
hyperreflexia, positive pathological reflex, typical dys-
esthesia area in the torso and various degrees of muscle
strength decline in limbs. In addition to preoperative
physical examinations, CT and MRI results, the inclu-
sion criteria were more than two segments of cervical
spinal cord being compressed, therefore, a diagnosis
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of CSM and surgical option of EOLP were confirmed.
Exclusion criteria included that CT demonstrated sig-
nificant ossification of ligaments (including ossification
of ligament flavum and posterior longitudinal ligament),
or a history of living in a high-fluorine region along with
plain films showing ossification of membrana interossea
antebrachii. Using a random digits table, 57 patients,
39 males and 18 females aged (59.2±5.4) years (range:
49 to 73 years), were included in the control group
(hereafter referred to "wide-open group"), in which con-
ventional EOLP was applied, and the hinge was located
at the inner margin of the lateral mass. Another 45
patients, 25 males and 20 females aged (61.5±5.2) years
(range: 50-72 years), were included in the study group
(denoted as narrow-open group), in which a modified
EOLP with the hinge positioned at a quarter outside
the lamina margin was applied. All patients were fol-
lowed-up over 24 months.
Radiological examinations
Routine X-ray plain film examinations of C-spine
antero-posterior & lateral positions, C-spine dual ob-
lique position and C-spine lordotic & kyphotic positions,
CT and MRI (which was used to determine the com-
pressed segment in the spine cord) were performed
before surgery. The difference between C2-C7 angles at
lordotic & kyphotic positions were defined as the range
of motion (ROM). The Ishihara method was also adopted
to measure the curvature index (CI) of the cervical ver-
tebrae (Figure 1).
Surgical procedures
During EOLP procedure, we applied Hirabayashi
method.3 Briefly speaking, the splenius capitis muscle
were opened through a gap until the spinal process
was exposed, then the periosteum on the sides of spi-
nal process was cut open to expose the cervical
laminae. After that the C2-C3 and C7-T1 gaps were cut
open by Kerrison laminectomy rongeur. An air abra-
sion drill was used to drill through the whole cervical
laminae on the open-door side until the internal bone
cortex was stripped. On the opposite side only the
interna bone cortex was exposed to successfully make
the hinge. Then C3-C7 cervical laminae were elevated
en bloc along the hinge. The 10# silk suture was used
to fasten the cervical laminae to the joint capsule and
paraspinal muscle on the hinge side, or a Fastin an-
chor (Johnson & Johnson Company, USA) were ap-
plied to fasten them to the sclerotin in lateral mass.
The hinge in the wide-open group was positioned at the
inner margin of the lateral mass, which was slightly
more outward than the bone trough on the open-door
side. Because the sclerotin was relatively thick on this
part, we used an abrasion driller to drill to the inner cor-
tical bone. In the narrow-open group, the hinge was po-
sitioned at 1/4 outside the cervical laminae, symmetri-
cal to the bone gutter on the open-door side and shifted
2-3 mm more inward than wide-open method.  Because
the sclerotin was relatively thin on this part, the driller
had to be applied cautiously. To achieve adequate
openness, the hinge should be widened by 1 mm and to
the same depth in the inner cortical bone. Wherever the
hinge positions are located, the surgeon should be gentle
during the process of “opening the door” to avoid break-
ing the hinge. Figures 2 and 3 demonstrate the image
data of two hinge positions before and 24 months after
EOLP.
Assessment of nervous function
The nervous function was assessed using 17-score
rating method developed by the Japanese Orthopaedic
Association (JOA) before surgery and 24 months after
surgery. Additionally, the Hirabayashi method was ap-
plied to calculate the JOA recovery rates: JOA recovery
rate=(JOA score after surgery-JOA score before surgery)
/(17-JOA score before surgery)×100%.
Figure 1.  Delineation of the measurement of C2-C7 angle and the
Ishihara method which was adopted to measure CI of the cervical
vertebrae. A showed the method to measure C2-C7 angle. Two
lines were drawn along the posterior margin of C2 and C7; the
included angle was defined as C2-C7 angle; the difference be-
tween C2-C7 angles at lordotic & kyphotic positions were defined
as ROM. Line b was drawn between the posterior-inferior point of
C2 and C7. The length of line b was defined as “b”, the distances of
the vertical lines from posterior middle points of C3-7 to line b was
defined as “a1-5”(as showed in B). CI=(a1+a2+a3+a4+a5)/b.
Chinese Journal of Traumatology 2011; 14(1):36-41. 38 .
The 12-score rating method developed by the Or-
thopedics Department of Keio University in Japan was
adopted to conduct quantitative assessments of axial
symptoms, such as stiffness and pains in the neck
and shoulders after surgery (Table 1). Detailed records
were kept in C5 palsy cases (featured by declining
muscle strength of deltoids or biceps newly developed
after surgery without obvious reasons).
Statistical analysis
Statistical analysis was performed using SPSS sta-
tistical software package13.0 for Windows (SPSS Inc,
Chicago, USA) with results expressed as mean±SD. In
the event of statistical significance, Student’s t test, Chi
square test and Fisher's exact test were performed with
significance defined as a P-value of less than 0.05.
Table 1.  Scores of the axial symptoms of cervical spine
Degree
Scores
Pain in   Stiffness in   Pain in     Stiffness in
 neck         neck      shoulders    shoulders
None
Mild (occasional)
Mild (often), severe
 (occasional)
Severe (persistent)
3
2
1
  0
3
2
1
   0
3
2
1
0
3
2
1
0
Figure 2. The CT and MRI scan of a patient in narrow-open group
before (A, C, E) and after EOLP (B, D, F). The hinge was posi-
tioned at 1/4 outside the cervical laminae (arrow in B). E and F
revealed that the cervical spinal cord obtained satisfactory de-
compression after surgery.
Figure 3.  The CT and MRI images of a patient in wide-open group
before (A, C, E) and after EOLP (B, D, F). The hinge was posi-
tioned at the inner margin of the lateral mass, i.e. the joining part
between the cervical plate and the lateral mass (arrow in B). The
comparison of E and F revealed that cervical spinal cord obtained
satisfactory decompression, and the spinal cord shifted back-
ward significantly after surgery (comparing C with D).
RESULTS
Evaluation of clinical effectiveness
The operation duration was 110 min±13 min (85-
160 min) in the wide-open group and 120 min±30 min
(90-200 min) in the narrow-open group (P=0.83), and
the intraoperative bleeding volume was 250 ml±80 ml
(200-500 ml) in the wide-open group and 230 ml±100 ml
(200-450 ml) in the narrow-open group (P=0.69). The JOA
recovery rate was 60%±3% (40%-76%) in the wide-
open group and 56%±5% (43-71%) in the narrow-open
group (P=0.14). The nervous functions in both groups
recovered satisfactorily. The scores of the axial symp-
toms assessed 24 months after surgery in the nar-
row-open group were 10.2±0.5 (7-12), which were sig-
nificantly higher than 9.2±0.5 (6-12) in the wide-open
group (P=0.03), suggesting that the narrow-open group
experienced milder axial symptoms than the wide-open
group did after surgery. There were 3 cases (5.3%) of
C5 palsy after surgery in the wide-open group. Two of
them had C5 palsy one day after surgery, manifesting
sudden upperlimb deltoid paralysis at the side of the
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hinge accompanied by declining muscle strength of
biceps. After immediate management with high-dose
cortical hormone therapy combined with dehydration
drug therapy, the patients recovered completely 4 days
after surgery. The third case had C5 palsy one week
following surgery, manifesting simple deltoid paralysis
at the open-door side. Immediate management with cor-
tical hormone therapy combined with dehydration drug
therapy was applied in the patient, but obtained limited
efficacy. Drugs were gradually withdrawn within 2
weeks, and physiotherapy was adopted during the same
period.  Finally, the deltoid paralysis gradually resolved
6 months after surgery. On the contrary, no C5 palsy
was noted in the narrow-open group, suggesting better
clinical results compared with wide-open group, even
though the difference did not reach statistical significance
(5.3% vs 0, one tailed Fisher's exact test, P=0.17).
Radiological assessment
Table 2 summarizes the measurement results of C2-
C7 angles, CI and ROM in the two groups before surgery
and 24 months after surgery. CI did not remarkably change
after surgery in both groups, while ROM in both groups
significantly declined after surgery. The width of the hinge
position during EOLP had no significant influence on post-
operative imaging indicators. As shown in the CT-based
24-month follow-up, neither fracture nor closure in the
hinge was found in any patient.
Table 2. Comparison of preoperative and postoperative cervical X-ray plain film-based radiographic parameters (mean±SD)
Groups
        C2-C7 angle (°)                                    Curvature index                                 Range of motion (°)
  Before           24 months after
operation              operation
  Before           24 months after
operation              operation
  Before           24 months after
operation              operation
Wide-open group
Narrow-open group
20.2±2.3
21.1±2.2
21.3±2.0
20.9±3.0
11.9±1.9
11.3±2.2
10.6±2.2
  9.7±2.8
39.5±2.4
38.7±1.8
30.6±2.0*
31.7±2.4*
*P<0.05 represents significant differences between preoperative and postoperative results.
DISCUSSION
A posterior approach is widely recognized as the
most appropriate treatment for a CSM involving at least
two segments.4, 5 EOLP is proved to be an effective and
simple treatment in many long-term follow-up studies
over the past three decades;2 however, the axial symp-
toms and C5 palsy accompanied with this procedure
are always problematic. Uematsu et al6 reported an in-
cidence of C5 palsy of 5.5%. Although the injury of nerve
root during the surgery is believed to be liable for such
a high incidence, it cannot explain the axial symptoms
mentioned above. According to Yonenobu et al7, C5 palsy
is due to an excessively backward shift of the spinal
cord resulting from over-openness of the door and the
shortest anatomical length of C5 root. Although the
above-mentioned theory is also approved recently by
Imagawa et al8 through a multicenter study, this argu-
ment is still not widely accepted. 9 The hinge position in
EOLP plays a decisive role in determining the open-
ness of the door, but no thorough studies on the hinge
position have been published yet.
Before 2006, we had adopted the procedure de-
scribed by Hirabayashi et al,10 which insisted that the
hinge should always be wider than the gate. Although
the effectiveness of this method was satisfactory, C5
palsy and severe axial symptoms were noted in quite a
few cases during our follow-ups. Since 2006, we modi-
fied the procedure by shifting the hinge position inwards
to reduce the openness of the door, thus restricting the
excessively backward shift of the spinal cord. Among
the 47 patients who underwent this modified procedure
in this study, no C5 palsy was noted, demonstrating a
vastly superior outcome to the conventional procedure,
which was also similar to another report6. Additionally,
axial symptoms were much milder in the narrow-open
group than in the wide-open group. Furthermore, there
were no significant differences in terms of surgery
duration, intraoperative bleeding volume or changes in
CI and JOA recovery rate before and after surgery, sug-
gesting that an appropriate inward shift of the hinge
position can improve the outcomes of surgery. The in-
ward shift of the hinge in our procedure reduced the
degree of door-opening, restricted an excessively back-
ward shift of the spinal cord and thus reduced over-
stretching of nerve roots at various segments (especially
the relatively short C5 nerve roots, therefore it reduced
the incidence of C5 palsy) and protected the recurrent
branches of nerve roots.
However, the exact mechanism of axial pain is still
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cific researches have been conducted in this aspect.6
According to our experiences in this randomized con-
trolled trial, the vertebral laminae should be prepared
on the open-door side firstly to determine the width of
decompression and then effectively shift the hinge po-
sition inwards. In addition, the medial border of the lat-
eral mass is an important anatomic landmark for in-
traoperative localization to guarantee the correct posi-
tion of the hinge in each group. The allowable criteria of
hinge trough is that the outer margin of the hinge in
narrow-open group and the inner margin of the hinge in
wide-open group do not exceed the medial border of
the lateral mass with the width of the trough not less
than 4 mm. However, for patients with severe ossifica-
tion of the posterior longitudinal ligament or ossifica-
tion of the ligament flavum, the purpose of EOLP should
be focused on adequate decompression. Furthermore,
in patients with flurosis cervical canal stenosis, the can-
cellous bone in the vertebral plate disappears, and joint
hyperplasia and aggregation in the lateral mass occur.
As a result, a backward shift of the spinal cord cannot
be satisfactorily achieved even using conventional wide-
open EOLP. In these cases, an inward shift of the hinge
position is absolutely contraindicated.
In conclusion, this study demonstrates that an ap-
propriate and proper inward shift of the hinge position
can effectively restrict an excessive backward shift of
spinal cord when ensuring adequate decompression.
Compared with conventional open-door EOLP, it can
remarkably decrease the incidence of C5 palsy and lower
the severity of postoperative axial symptoms. However,
because the hinge position determines the openness
of the door, and thus affects the effectiveness of spinal
cord decompression, an inward shift of the hinge posi-
tion should be cautiously performed. Additionally, an
inward shift should be contraindicated in patients with
flurosis cervical stenosis, ossification of posterior lon-
gitudinal ligament and ligament flavum. 
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